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A itethod and Arraman ^i*: far MectenicaUv Joining an Inner 'Pibe to an 

5 The present invoTtion relates to a xaethod for joining an inner tube mech- 
anically to an outer tube by radial expansion of at least the inner tube 
by means of an inbecnal av&cpces&ire. 

Uie invention also relates to an arrangeaient far carrying out the method. 

10 

It is often desirahle in the oil industry, the c hem i cal industry and in 
nadear power planbs, etc. to panovide steel tubing car piping with an 
internal non-oorroding lingr node for instance of stainless steel, Biocnel, 
moollry or titanium. 

15 

itr soma usages, it is necessary to bend the lining to tbB outer tube 
atondcally, \itdcki can be achieved with the aid of explosion velding, 
extrusion or surface welding tecJmlxjues* 

20 Other usages, however, require solely a m ec iCT ilcal press joint, can 
be adiieved fcy pressing an inner tube of non-oarroding material radially 
outwards and into contact with the outer tube, with the aid of an internal 
H ^Hfi pressure. Alternatively, the outer tube can be heated during the 
pressing operation, so ttot tiie joint will be strengthened by shrinkage 

25 as the outer tube cools* 

In order to achieve a good join between the tutes, or pipes, the material 
of the inner tube dtiould be def canned above its elafirt-in limit and tlie outer 
fniV>o material defannad witliin the limits of its ela^.ic limit* 

30 

Although the known roettods of creating a mechanical join are less expensive 
tiian the settods for actiieving an atomic bond, they are nemrtheless 
Gooplicated ani cost denanling due to the large dimensions and lengths of 
the tubing or piping conDemed. For exsople, a 36^ oil pipe of 12 metxes 
35 in length will aooonsoDdate about 7.5 cubic metres of pressure mgd i nm , 

Irre^)ective of whether radial ^cpansim is effected with Hie aid of a 
hydraulic punp or with the aid an explosive charge in water, the qj^de 



period is quite oorsideraJiLe and banning is relatively difficult due to the 
amount of liqiiid used. 

de present invention provides a quicker and a simpler luethad of effecting 
5 a nedianical join or connection betoeai an inner non-cartoding liner or 
tube and an outer tube. 

Ote pcesexit invention ttms rel£rt:es to a niet±od of joining necfaanically an 
inner tube to an outer tube by radial expansion of at least the inner tube 
10 m.th the aid of an internal overpressure. 

Use loetbod is particularly characterized in that the Inner tube is filled 
with an explosive, gas of dsbecmined ocnposition, taiperature and pcessure» 
and in that the gas is caissed to be ignited and ea^oded. 

15 

Ihe invention also relates to an arrangement f ca: joining loechanically an 
inner fii hp to an outer tube by radial eMpansim of at least the inner tube 
by means of an intecnal ovecpcessure. 

20 Uie arrangement is particularly characterized by devices for filling the 
inner tube with an eaqplosive gas of determined oonpositicsn, taoperature 
and pressure; and by devices for igniting the eg^losive gas and caoasing 
the fifimft to es^dcde. 

25 The invsition will new be described in more detail with reference to 
exe&plifying entodimenbs thereof and vdth reference to 1±e aaxnpanying 
drawings^ in vhich 

- Figure l illustrates schematically and in axial section a first canbodi- 
mant of the inventive a rr a ngane n t; and 
30 - Figure 2 is an aadal section viev of an inner tube, an outer tuber and 
a filling tube or i<rig»* of a eeoond enbodiment of the inventive arrangement. 

In tte description and Claims, the ward gas is used to idaitify both 
individual gases and gas mixtures, for exanpla ea^loslve mixtures of 
35 Gonaibustible gas and an oxidizing gas. 

Shown in Figure 1 is an outer tube or pipe 1 in vAiich an inner tube or 
lining 2 is placed. The tubes are closed at both encis by end covers 3, 
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3». A mixture of cxanbustible gas 5, e,g- hydrogen gas, aoetylme, hydro- 
cartois such as gasol, town gas, gasol^, etc. , and an axidizing gas 6, 
such as oxygen gas car air is introduced throu^ one of said end covers. 

5 Obe explosive gas is intended to be explndpd by ignition witti, e.g., an 
electric spark car a pyrotechnic ignition cartridge. Ihe illustrated 
embodijnsnt oarprises an electrical ignition system, i nclud ing spark plug 
7, cable axmection 8, and a hig^h voltage unit 9. 

10 The reference 10 idetitifies a non-return valve vAiich prevents the explosion 
ftcm propagating to the gas delivery system \jqpon Ignition. 

Die pressure generated within the inner tube ty explosion of the gas is 
determined by «ie composition, pressure and tenperatuce of the gas prior 
15 to the eo?>losifln. Gas pressure can also be affected by mixing-in other 
gases, such as nitrog e n, carhnn dioxide, etc. 

a^ansim of the inner tube is facilitated when the gap !• defined betuem 
op^osixtj surfaces of the inner and outer tubes is evacuated of air during 

20 the t^ibft joining process, for instance prior to the explosion, nhis can 
be adjisvBd, for irstanoe, with the aid of a hole 1" thnaagh the aiter 
tube 1 (Figure 1) which placsas the gap !• in ca nwmi n ation with tlie antoient 
surroandin^s of the outer tube, the gap being evacuated, for instance, 
through a nipple 1* • • and a vacuum punp not ^icwn* In order to obtain a 

25 controlled and reproducible ea^sansion, gas goantities and gas presaxres 
are preferably controlled by automatics U, oa m p ri qed of solenoid valves 
and time-ftortion electronics for instance. Aooording to one preferred 
eadxdimmt, the eneegy ocsibent of the exiOosive gas is intended to be 
adapted for plastic def onnation of the inner tube and solely for elastic 

30 defdCBBtion of the outer tube. 

Ohe air is evacuated tfaroogh a line 12 fitted with a valve, prior to 
Introducing the explosive gas. Alternatively, the line is left open 
during the initial inflov of gas and is closed whm the gas pressure 
35 increases. This method is used preferably whm the air is used as an 
oxidizing gas. 

When the ea^losion has taken place, tte pressure is relieved thrcu^ a 



pressure relief line 13, vihereaftec the end covers are removed. 

In tbe case of oontimious producticn, the end cover thrcui^ vdilcii the gas 
is intiDduced is preferably f iaaedly mounted and the opposite end cover is 
5 capable of being moved aadally ty means of h^draiilic devices (not stain) 
f OQT exsanple. 

In the case of large tube dinensjuons, the inner tube will acoanmiodata much 
mare gas than that required for its expansion. In this case, the gas may 

10 be given a low initial pressure or may be ndmix fid with an inert gas or 
air* itootlier alternative is to reduce the volune of tte inner pipe, 
placing thezein an homogenous or boUw rod, as indicated in Figure 2. m 
tlie Figure 2 eatxOijusit, X identifies the outer tube, 2 identifies t±e inner 
tube and 14 i^aaatif les a rod or a thic3c-walled tube. The end covers witii 

15 atbacbinents ^hcxm in Figure 1 are not sixxm in Figure 2. TDbe gas is 
introduced into tiie inner tube and caused to es^lode in tlie s p ace 15 
bstueai tise bar or tube 14 and tbe inner tiibe. 

Tbe inventive method and the method of operation of the inventive arrange- 
20 %dll be imders to od in all essentials from the aforegoing. 

It will also have been understood tiiat tte invenbicn provides a mstliod of 
joininj mechanically an imer tube to an cuter tube in a far guicScer aiid 
imirii sirpler manner than can be achieved with kncxai technigoes. 

25 

Die invention has be^ described in the afaregoing with reference to 
H^f^ a tt K i i f anbodimxts. It will be understood, hcwsver, tlxA dthee enibodi- 
msnts and minor acdifications stb conoeivable witiiin the scope of the 
inventive co n cep t * 

30 

Bar eseanple, the gsg 1* can be evacuated thrcu^ one of the end covers 3, 
3' , as indicated by the hroioai arrcw 3" in Figure 1. 

Ohe invention not therefore be considered Hiniti=x1 to the aforedes- 

35 cribed and illustrated aiibodiments, sines modif icaticns can be m ad e within 
the scope of the following Claims. 



!• A Bipt^tK^ far joining nedianically an inner tube to an cuter Isibe fcy 
5 radial expar^im of at least tba inner tube, witti the aid of an internal 
ovecpressuTB, characterized filling the inner tube 
with an explosive and by igniting the gas and causing sane to 

explode* 

10 2» A tnathcxl aoaxcdixr^ to f^st^m i, characterized by adjusting 
the energy content of the explosive gas xjpan ignition and explosion, such 
that the inner tube will be deformed plastically and the outer tube will 

only be deformed elastically, 

15 3* A ntetiiod aoooEding to n^l ^" lac2, characterized by 
evacuating air ftoa the inner tdbe prior to introducing the explosive 
gas. 

4. A lasthod aooQCding to Claim 1 or 2, characterized ty 
20 evacuating air trm tte inner tube with the aid of a gas intaided to 

fcoi an esqplosive gas. 

5. A method according to r^s^in i, 2, 3or4, characterized 
by decreasing the specific energy content of the esqplosive gas by using a 

25 relatively low initial pressure ana/or by diluting the gas with an inert 
gas, such as nitrogen or carbon dicodde. 

6. A method according to Oaim 1, 2, 3, 4 or 5, charac- 
terized by reducing the availahLe gas-^f illing voljuma of the inner 

30 tube fay placing a body in the inner tube« 

7. A method aoooecding to dain 1, 2, 3, 4, 5 or 6, charac- 
terized by evacuating the gap defined between the inner tube 

ami tb& outer tube of air during the tube joining process* 

35 

8. A method aooocxiing to an/ one of tto preceding COaiios, char- 
acterized by placing the tubes between two covers 
fAiicSi sealingly connect the tubes; providing an o^osive-gas deUvery 



line at one cx3ver Which is prefecably f ixBcXLy arranged; 

poxFvixiing evacuaticn outlets at tte other end covear, ^Aiich 

is pacefecabLy /-^paHio of being soved axially means of liydraulic devioes. 

5 9. A metiwd aooocdingr to aiy one of the p^eoeding daims, char- 
acterized in that the crmhiisMhlR part of the esg^losive gas 
is r^rw^nr^^sg^ of one of the gases ti^drogen gases, acetylaie or hydcocazhon 
gas, sudbi as gasol, town gas or fpslflecl petrdeuBi products. 

^10. An axxangement for joining mechanically an inner 
tube to an outer tube by radial expansion of at least the 
inner tube with the aid of an internal overpressure, 
characterised by a device for introducing into the inner 
tube an explosive gas; and by a further device for 

^ igniting the explosive gas to explode the same. 

U. arrangeanent aoaacding to dsdm 10, fVirtiier comprising a 
device tor adjusting the enesrgy oonbenb of the eaqOcsiva gas so that 
the inner tube is defamed plastically and so that the outer tube 
20 is def ooDed only elastically. 

12. An arrangement aooording to daip 10 car U, further 
coaprising an evacuating device for evacuating air fccn tbB 
inner tube prior to or in oofnjunction with introducing the e3q>losive 

25 gas. 

13. An ar r an genent acoording to Glaiin 10, 11 or 12, further 
comprisins devices for delivering an inert gas to the inner tube 

so as to reduce the sgedfio energy content of the es^Oosive gas. 

30 

14. An arrangement according to Claim 10, 11^ 12 or 13, 
further comprising a body for insertion into the Inner 
tube so as to reduce the available gas-filling volume In 
said inner tube. 

15. An arrangenent acoording to Claim 10, 11, 12, 13 or 14, further 
conprisiiig a device tcac evacuating tiie gap defined between 
the inner tube and the outer tube during the tube joining prooess* 



16. An arrantOTaOTt axxirdinq to daim 10, U, 12, 13, 14 or 15, 

further comprising two end covers between whicii the 

tubes are sealingly disposed; in tljat an esqjlosive gas deUvery 

line is provided in a first of said end covers said end- 

cover preferably heinj fixedly naunted; and in tlsat evacua t io n outlets 

are provided in toe other of said &nd oavers, said end oc^ver 
preferably being soveable axially by neans of hydraulic devices fee 
instance* 

17. A method for joining an inner tube to an outer tube 
by radial expansion substantially as herein described and 
illustrated with reference to the accompanying drawings, 

18. An arrangement for joining mechanically an inner 
tube to an outer tube by radial expansion substantially 
as herein described and illustrated with reference to the 
accompanying drawings. 
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